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SHORT ARTICLE

A modified rapid method of nucleic acid isolation
from suspension of matured virus: applied in
restriction analysis of DNA from an adenovirus
prototype strain and a patient isolate

C. T. LE, G. C. GRAY and S. K. PODDAR

Naval Health Research Center, DoD Center for Deployment Health Research PO Box 85122, San Diego, CA

92186-5122," USA

This report describes a method for the isolation of nucleic acid from a suspension of
matured virus. Nucleic acid (DNA) was isolated from a prototype strain of adenovirus
type 7 and a clinical isolate of adenovirus type 7. Instead of the usual method of
ultracentifugation, a filtration method was applied to concentrate the virus rapidly and
nucleic acid was then isolated by a standard phenol/chloroform/isoamyl-alcohol
extraction procedure. The DNA was found to be sufficiently purified to generate a
reproducible restriction endonuclease digestion pattern. The clinical isolate of adenovirus
type 7 revealed loss of restriction site for the endonuclease HindIII when compared with

the prototype strain.

Introduction

Rapid isolation of good quality nucleic acid can greatly
facilitate molecular analysis of a viral genome. Hirt’s
procedure [1] allows isolation of intracellular viral
nucleic acids that are still in the process of encapsida-
tion or that are yet to bud out as matured virus.
However, host-cell DNA contamination of the isolated
intracellular viral nucleic acid sometimes can give rise
to unwanted background and can confound molecular
biological analysis. Alternatively, viral nucleic acid
may be extracted from matured viral suspension [2, 3]
to reduce the risk of host-cell DNA contamination.
However, to obtain nucleic acid in adequate amounts
(1-5 ug) for molecular biological analysis, the isola-
tion procedure has to be performed with a large volume
(at least 20-25 ml) of matured virus suspension. The
usual method requires first pelleting the virus particles
from the suspension (cell culture medium) by ultra-
centrifugation. The pellet is then resuspended in a
small volume of extraction buffer and the nucleic acid
is extracted from it. An ultracentrifuge is an expensive
item and, in many clinical laboratories, neither this
equipment nor the appropriate technical personnel to
operate it may be available. This report describes a
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simple, rapid, inexpensive and less technically demand-
ing filtration method of concentrating the virus and
transferring it in the desired buffer from the suspension
medium (cell culture medium). Also, the quality of
DNA isolated from the virus concentrated by this
method was examined by restriction endonuclease
digestion and analysis of the restriction fragment band
patterns by agarose gel electrophoresis.

Materials and methods
Virus strains

A prototype adenovirus type 7 stock was purchased
from the American Type Culture Collection (ATCC,
Manassas, VA, USA). A clinical adenovirus type 7
stock (no. 1298, sample collected on 11/10/97) was
isolated from a patient with febrile respiratory disease
at the Naval Training Center, Great Lakes, IL, USA.
Stock viruses were grown in human lung carcinoma
A549 cells, a sample of each stock virus was further
grown in the same cell line in 75-cm? tissue-culture
flasks. Cells were infected according to standard
procedure [4] at an approximate multiplicity of
infection of 10. Then, 2—-4 days after infection, when
maximum cytopathic effect was observed, the medium
containing the detached cells and the matured virus
was centrifuged in a tabletop centrifuge at 300 g for
10-15 min. The supernate containing primarily the
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matured virus was collected in a separate container and
stored at 4°C.

Concentration of virus through filtration

Viral supernate (20 ml) was concentrated with a

Centricon Plus-20 filter (Millipore, Bedford, MA,
USA) essentially following the manufacturer’s sug-
gested procedure for concentrating a macromolecular
solution. Briefly, 20 ml of viral suspension was taken in
the filter cup of the filter assembly and was placed in
the filter collection tube. This was then centrifuged at
4000 rpm in a GS-6R (Beckman, Fullerton, CA, USA)
tabletop centrifuge for 20 min. At the end of centrifu-
gation the viral suspension was concentrated to 0.1 ml.
The cap of the filter cup was removed and 2 ml of
buffer A (100 mM Tris, 150 mM NaCl, 12.5 mM EDTA,
pH 7.4) were added. The filter cup was recapped and
was placed in another collection tube and centrifuged
as before except that the centrifugation time was
reduced to 10 min. The addition of buffer A and
subsequent low-speed centrifugation was repeated three
or four times to bring the concentrated virus essentially
into the ionic environment of buffer A. After the last
centrifugation, the filter cup was removed from the
collection tube, and the concentrated virus sample was
collected in a 1.5-mi microfuge tube from the filter cup
with a micropipetter.

Viral DNA extraction

To 100 ul of the above concentrated virus suspension,
100 ul of buffer B (100 mM Tris, 150 mM NaCl,
12.5 mM EDTA, pH 7.4, containing SDS 2%) were
added. The mixture was then digested with 4 ul of
stock proteinase K (25 mg/ml) at 50°C for 30 min.
DNA was then isolated from the solution with two
phenol/chloroform and one chloroform/isoamyl-alco-
hol extraction and subsequent ethanol precipitation.
The precipitated DNA was resuspended in 50 ul of TE
buffer (10 mM Tris, | mM EDTA, pH 7.5) containing
DNAase-free RNAase 10 ug/ml.

Viral DNA extraction by Hirt’s procedure

Viral DNA extraction was performed following essen-
tially the previously published procedure [1]. Briefly, a
confluent monolayer of A549 cells infected with the
virus was incubated overnight in the tissue culture
medium in a 35-mm plate in a CO; incubator at 37°C.
The next day, if the cells were detached, cells and
supernate (medium) were collected in an Eppendorf
tube, cells were pelleted by centrifugation in a
microfuge for 1 min and the supernate was discarded.
If the monolayer was intact, supernate was removed.
Then for each pellet or monolayer of cells, 835 ul of a
pre-mix solution containing 800 ul of Hirt’s lysis buffer
(SDS 0.6%, 0.01 M EDTA, 0.01 M Tris-HCI, pH 7.4)
and 35 ul of proteinase K (15 mg/m! stock) was
added. It was then incubated at 37°C for | h. The

viscous cellular lysate was transferred in an Eppendorf
tube and 200 ul of 5M NaCl were added and mixed
gently and then incubated at 4°C overnight. The
mixture was centrifuged for 20 min in a microfuge
and the supernate was transferred to a fresh Eppendorf
tube. Viral DNA was isolated from the supernatant
solution by phenol/chloroform/isoamyl alcohol extrac-
tion and ethanol precipitation. The precipitated DNA
was resuspended in 50 ul of TE buffer.

Restriction endonuclease digestion and agarose
gel analysis

Viral DNA from both the prototype and the clinical
strain isolated by the method described above and also
by Hirt’s extraction procedure were subjected to
restriction endonuclease digestion and DNA band
pattern analysis. DNA solution (10-20 ul: ¢. 0.5 ug)
was digested with HindIII restriction endonuclease (10
units) in a total volume of 25 ul of the appropriate
digestion buffer supplied by the manufacturer (New
England Biolabs, Beverly, MA, USA) for 2 h at 37°C.
The digest was then analysed for DNA band pattern by
electrophoresis in an agarose 1% gel in TBE buffer
(89 mM Tris-borate, 2 mM EDTA, pH 8.3) and the
DNA bands were visualised by ethidium bromide

staining.

Results

HindIll restriction endonuclease digestion of DNA
isolated from the matured viral suspension of both the
prototype and the clinical isolate no 1298 produced
distinct DNA fragment band patterns consisting of 10
and nine fragments, respectively (Fig. 1A). These band
patterns were identical to those generated by HindIIl
digestion of intracellular viral DNA isolated by Hirt’s
procedure (Figs. 1A and B) [1]. This suggested that the
modified procedure generated adequately purified viral
DNA from the matured adenoviral suspension.

All DNA fragments but ‘a’ of the clinical isolate were
common to the prototype strain and clinical isolate.
The clinical isolate showed fragment ‘a’, instead of two
smaller fragments (al and a2) in the prototype strain,
indicating a mutation resulting in the loss of a HindIll
site and generating a subtype difference band pattern in
the type 7 adenovirus (5, 6].

Discussion

The standard procedure for extraction of DNA from
infected cells is labour-intensive and involves time-
consuming disruption of the cells, caesium chloride
density gradient centrifugation and dialysis [7]. The
extraction method described by Hirt {1] also involves
an overnight precipitation of cell genomic DNA with
NaCl and, therefore. does not allow a rapid isolation of




A

RAPID NUCLEIC ACID ISOLATION FROM ADENOVIRUS 573

1 2 3

B

Fig. 1. Restriction endonuclease HindIll digestion pattern of DNA isolated from matured adenoviral suspensions,
following the filtration method (A) and of DNA isolated from intracellular adenoviral DNA by Hirt’s procedure (B).
Lane 1, molecular size marker 100-bp DNA ladder (Amersham Pharmacia Biotech, Piscatway, NJ, USA); 2, DNA from
a clinical isolate of adenovirus 7; 3, DNA from a prototype adenovirus 7.

viral DNA. In contrast DNA isolation from the viral
suspension by the filtration method can be completed
in only 2 h and does not require ultracentrifugation [3].

To our knowledge, this is the first report to describe
isolation of nucleic acid from viral suspension after
concentration by the filtration technique, which has
been used generally for concentrating macromolecular
solutions of protein, lipids and DNA. Thus, filter
systems are designed and characterised by the manu-
facturers with respect to the cutoff values of mol. wts
of macromolecules such as proteins. There are no
published data to indicate which filter system and
which cutoff value of molecular mass should be
selected for rapidly concentrating a suspension of virus
of a particular average diameter. The data in the
present report establish that the Centricon Plus-20 filter
system concentrates viruses of average diameter greater
than or equal to that of adenovirus (75-90 nm). Thus,
it is expected that suspensions of other viruses
(influenza, 90-100 nm; parainfluenza, 125-200 nm;
herpes virus. 180-200 nm: poxviruses. 200250 nm;
cvtomegaloviruses. 900-1000 nm) [8] could also be

concentrated by following this method and subse-
quently their nucleic acid could be extracted rapidly for
application in various procedures, such as nucleic acid
amplification and molecular diagnostics [9].

In nucleic acid amplification-based diagnostic tests for
a virus, <0.1 ml of a typical 1-2-ml volume of
supplied specimen is used [10]. The present data
suggest that if the viral agent in question is = 75 nm in
diameter, then the virus concentration in the specimen
can be increased at least 10-20-fold by the filtration
method described before application of nucleic acid
extraction and subsequent amplification. The procedure
will allow 10-20-fold greater amounts of nucleic acid
to be available for amplification and detection. This in
turn may give positive results for many low-titre
specimens that would otherwise be false negative due
to the limit of the sensitivity (minimum amount of
nucleic acid required in the tested volume) of an assay.
During the course of concentration of a specimen,
some of the inhibitory agents that are found to co-
purify with nucleic acid [11] may also filter out. Thus,
the use of nucleic acid extracted by the procedure
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described here may also greatly reduce the limitations
of nucleic acid amplification-based diagnostics.
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